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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
nonaqueous electrolyte secondary battery in 
which an electrode filling property Is high and a 
high energy density Is obtained and which excels 
in a heavy load cycle characteristic by 
manufacturing a positive electrode active material 
in which a high electrode filling property Is 
obtained and at the sane time a wide reaction 
area is ensured and using the obtained positive 
electrode active material. 
SOLUTION: A surface of a core particle 34 
comprising either one of predetermined lithium- 
containing compounds is covered with very fine 
particles 35 of a lithium-containing compound, 

thereby producing a composite particle 36. The composite particle is used as a positive 
electrode active material of a battery. 
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(Claim(s)] 

[Claim 1] LixCo02. LixNi02, LbcMn 204, LixCol-yMy02. LixNil-yMy02, 
LxMnl*yMy02 (however, M) At least one sort of elements chosen £rom Ti, V, Cr, Mn, Fe, 
aluminum, Co, nickel, Cu, Zn, Mo, Bi, and B are expressed, x 0< x<=1.2 and y " 0< 
y<l ** it is *- the manufeicture approach of the positive active material characterized by 
generating a composite particle by covering the front face of the heart particle which 
consists of either of the lithium content compounds which is expressed with the particle 
which consists of either of these lithiums content compounds. 

[Claim 2] The manufacture approach of positive active material according to claim 1 
that the ratios rl/r2 of the mean particle diameter rl of a composite particle and the 
mean particle diameter r2 of a heart particle are characterized by being 1.01 <=rl/r2 
<=2. 

[Claim 3] The manufacture approach of positive active material according to claim 2 
that the ratios r3/r2 of the mean particle diameter rS of a particle and the mean particle 
diameter r2 of a heart particle are characterized by being 1/5 or less. 
[Claim 4] The manufacture approach of the positive active material according to claim 1 
characterized by heat-treating to a composite particle. 

[Claim 5] In the nonaqueous electrolyte rechargeable battery which comes to have the 
negative electrode which uses as a negative*electrode active material a dope and the 
carbon material which can be dedoped for a lithium metal, a lithium alloy, or a lithium, 
the positive electrode which uses a lithium content compound as positive active 
material, and nonaqueous electroljrte Positive active material is LixCo02, LixNi02, 
LixMn 204, LixCol-yMy02. Li3cNil-yMy02, and LxMnl-yMy02 (however, M). At least 
one sort of elements chosen from Ti, V, Cr, Mn, Fe, aluminum, Co, nickel, Cu, Zn, Mo, Bi, 
and B are expressed, x - 0< x<=1.2 and y 0< y<l it is - the nonaqueous electrolyte 
rechargeable battery characterized by being the composite particle generated by 
covering the front fetce of the heart particle which consists of either of the lithium 
content compounds which is expressed with the particle which consists of either of these 
lithiums content compounds. 

[Detailed Description of the Invention) 
[0001] 

[Field of the Invention] This invention relates to the nonaqueous electrolyte 
rechargeable battezy which used the manufacture approach of positive active material, 
and it. 
[0002] 
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[Description of the Prior Art] It is called for also from the cell which 
high'performance*izing of electronic equipment, a miniaturization, and portable-ization 
progress, and is used for these electronic equipment by remarkable advance of an 
electronic technique in recent years that it is high energy. 

[0003] Conventionally, as a rechargeable battery currently used for electronic 
equipment, the rechargeable battery of watersolution systems, such as a nickel 
cadmium battery and a lead cell, is mentioned. However, the rechargeable battery of 
these watersolutions system has low discharge potential, and the actual condition 
cannot fiiUy respond to improvement in the energy density demanded in recent years. 
[0004] On the other hand, as a cell system by which a high energy consistency is 
obtained, the.lithium secondary battery which uses a metal lithium and a lithium alloy 
as a negative-electrode active material attracts attention, and research is done briskly 
recently. 

[0005] however, the time of a lithium dissolving and depositing on a negative electrode 
in this rechargeable battery, when a metal lithium is used as a negative-electrode active 
material - the negative electrode concerned to a metal lithium - the shape of a dendrite 
- crystal growth " carrying out " just being alike " a positive electrode reaching 
the interior - possibility of having said that it resulted short is high. Moreover, when a 
lithium alloy is used as a negative-electrode active material, and a lithium dissolves and 
deposits on a negative electrode too, a negative electrode makes it detailed and 
degradation of the negative*electrode engine performance is invited. Anyway, a trouble 
is recognized in a cycle life, safety, the bbosting*charge engine performance, etc., this 
has been a serious failure over utilization, and the lithium secondary battery is put in 
practical use as a coin mold in part. 

[0006] Then, in order to cancel such a trouble, researches and developments of the 
nonaqueous electrolyte rechargeable battery Grechargeable lithiumnon battery) used as 
a negative -electrode active material are briskly done [ matter / which can be dedoped / a 
dope and ] in a hthium ion like a carbonaceous ingredient. A good cycle property and 
safety will be obtained in this nonaqueous electrolyte rechargeable battery, without 
saying that a metal lithium carries out crystal growth to the shape of a dendrite from a 
negative electrode, since a lithium does not exist in the state of a metal within a fuel ceU 
subsystem. 

[0007] Moreover, in such a nonaqueous electrolyte rechargeable battery, by using a 
lithium content compound with an oxidation reduction potential high especially as 
positive active material, ceU voltage becomes high and energy density is raised. 
Furthermore, self-discharge is smaU as compared with a nickel cadmium battery, and 



h 09-35715 



the engine performance which was very excellent as a rechargeable battery is 
demonstrated. Thus, since the nonaqueous electrolyte rechargeable battery which uses 
a carbonaceous ingredient as a negative'electrode active material has the outstanding 
property, commercialization is started as a power source of electronic equipment for 
portable, such as for example, 8 m/mVTR, a CD player, a laptop computer, and a ceUular 
telephone. 

[0008] By the way, it is in the inclination for power consumption to increase with 
diversification of a function etc., in the electronic equipment for portable by which a 
rechargeable battery is used. For this reason, the further improvement is called for also 
about a heavy-loading pycle property with improvement in energy density also from the 
cell used as a power source. 

[0009] Here, it depends for the heavy-loading cycle property of a ceD on the reaction 
area in an electrode greatly. That is, by the cell, when the reaction area of an electrode is 
large, a good heavy-loading cycle property is acquired. 

[0010] If the cylindrical cell and coin mold cell which are mainly adopted as a cell gestalt 
of a rechargeable lithium-ion battery are seen from such a point, first, by the cylindrical 
cell, two or more layer laminating of thin film-like the positive electrode and negative 
electrode with which the electrode binder layer was formed in the band-like metallic foil 
front face used as a charge collector is carried out through a separator, and the winding 
mold electrode object which winds this and is formed is used, and it considers as the 
sp-called jelly roll type, in addition, the negative electrode which made the organic 
solvent distribute the powder and binder of a carbonaceous ingredient with an electrode 
binder layer in the case of a negative electrode " a mixture •* it is the layer formed by 
making a current collection body surface apply and dry a slurry, the positive electrode 
which made the organic solvent distribute the powder, binder, and electric conduction 
agent of a hthium content compound in the case of a positive electrode a mixture - it 
is the layer formed by making a current collection body surface carry out spreading 
desiccation of the slurry too. 

[0011] While reaction area is obtained comparatively greatly and boosting charge is 
possible for the rolled electrode object with which two or more laminatings of such a 
thin fikn-like electrode were carried out, a long cycle life is acquired. 
[0012] on the other hand " a coin mold cell - an electrode - the positive electrode and 
negative electrode of the pellet type obtained by carrying out compression molding of 
the mixture according to a cell can configuration are contained in a cell can in the form 
by which the laminating was carried out in between on both sides of the separator. 
[0013] When the electrode of such a pellet t3npe is the cell by which the laminating was 



h 09-35715 



carried out, it is thought that electrode reaction tends to advance from the front fcce of 
the positive electrode which countered the separator, and a negative electrode, and, in 
the further part from this front face, electrode reaction becomes late. For this reason, if 
electrode thickness becomes thick, in a part far from the front face which countered the 
separator, it will be easy to be in the overvoltage condition on appearance, and 
degradation of an active material will advance. For this reason, a sufEicient cycle 
property, a sufficient load characteristic, etc. are not acquired. 

[0014] In order to increase the reaction area of a coin mold cell, an electrode is divided in 
the thickness direction and the electrode configuration between which the charge 
collector was made to be placed in between is also considered, however, that part 
electrode since a charge collector will occupy a part of cell can volume in this case - 
there is un-arranging [ that the filling factor of a mixture becomes low and cell capacity 
becomes small ]. 
[0016] 

[Problem(s) to be Solved by the Invention] Thus, although the degree changes with 
electrode gestalten in an old nonaqueous electrolyte rechargeable battery, it is very 
difficult [ it ] to improve a heavy-loading property, there being a problem that electrode 
restoration nature becomes smaU, and maintaining energy density, if it is going to 
secure the reaction area of an electrode. 

[0016] Then, when it is proposed in view of such the conventional actual condition and 
an electrode is constituted, this invention aims at offering the manufacture approach of 
positive active material that a large reaction area is secured while high electrode 
restoration nature is obtained. Moreover, while electrode restoration nature is high and 
a high energy consistency is obtained by using the positive active material obtained by 
such manufacture approach, it aims at offering the nonaqueous electrolyte rechargeable 
battery excellent in the heavy-loading cycle property. 
[0017] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose the 
manufacture approach of the positive active material of this invention LixCo02, 
LixNi02, LixMn 204, LixCol yMy02, LixNil yMy02. LxMnl yMy02 (however, M) At 
least one sort of elements chosen from Ti. V, Cr, Mn, Fe, aluminum, Co, nickel. Cu, Zn, 
Mo, Bi, and B are expressed, x - G< x<=1.2 and y - 0< y<l - it is - a composite particle 
is generated by covering the front face of the heart particle which consists of either of 
the lithium content compounds which is expressed with the particle which consists of 
either of these lithiums content compounds. 

[0018] In addition, in doing in this way and manufacturing positive active material, it is 
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important for a heart particle that the mean particle diameter r3 of the particle which 
covers the surroundings of the mean particle diameter rl and the mean particle 
diameter r2 of a heart particle as the condition which the particle covered, i.e., a 
composite particle, and.a heart particle is proper. 

[0019] That is, it is desirable for the ratios rl/r2 of the mean particle diameter rl and 
the mean particle diameter r2 of a heart particle of the composite particle itself to be 
1.01 <=rl/r2 <=2, and it is still more desirable in the ratios r3/r2 of the mean particle 
diameter r3 of a particle and the mean particle diameter r2. of a heart particle being 
r3/r2 <=l/5. However, the mean diameter said here is a median size, i.e., the particle 
diameter to 50% of cumulative size distribution. 

[0020] Moreover, the generated composite particle may be made to perform the postheat 
treatment. 

[0021] A positive electrode is constituted by using as positive active material the 
composite particle manufactured by carrying out the nonaqueous electrol)^ 
rechargeable battery of this invention in this way. In addition, a negative electrode is 
constituted in a lithium metal, a lithium alloy, or a lithium in this case considering a 
dope and the carbon material which can be dedoped as a subject. 
[0022J 

[Embodiment of the Invention] The gestalt of concrete operation of this invention is 
explained below. 

[0023] As shown in drawing 1 , by the manufacture approach of the positive active 
material of this invention LdxCo02, LixNi02, LixMn 204, LixCol-yMy02, 
LixNil-yMy02, LxMnl-yMy02 (However, M expresses at least one sort of elements 
chosen from Ti, V, Cr, Mn, Fe, aluminum, Co, nickel, Cu, Zn, Mo, Bi, and B.) x - 0< 
x<=1.2 and y - 0< y<l - it is - a composite particle 36 is generated by covering the front 
face of the heart particle 34 which consists of either of the lithium content compounds 
which is expressed with the particle 35 which consists of either of these lithiums content 
compounds. 

[0024] As an approach of making the particle 35 which consists of a lithium content 
compound covering, the impact method in a high-speed flow is mentioned to the front 
face of the heart particle 34 which consists of a lithium content compound. With the 
impact method in a high-speed flow, mechanical thermal energy is given to fine particles 
because fine particles and a particle distribute the mixture mixed by homogeneity and 
carry out by repeating impact actuation into a high-speed flow. It will be in the condition 
that the particle adhered to the fine-particles front face at homogeneity, and surface 
treatment of the fine particles will be carried out by this operation. The scan 
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microphotography of the composite particle covered with LiCo02 particle by drawing 2 
in the scan microphotography of the LiCo02 heart particle which is not covered with a 
particle is shown in drawing 3 for reference. In this case, the ratios r3/r2 of the mean 
particle diameter r2 of a heart particle and the mean particle diameter rS of a particle 
are 0.05. In addition, a heart particle and a particle may be the lithium content 
compounds of the class same in this way, and may be the lithium content compound of a 
different class. 

[0025] The foUowing effectiveness will be acquired if the composite particle of the 
lithium content compound which covered the heart particle front £Eice with the particle 
is used as positive active material. 

[0026] Namely, generally as for the pack density of a fine-particles particle, the 
inclination for particle diameter to become high as it becomes large is seen. The high 
positive electrode of active material restoration nature is obtained, so that this 
inclination is applied also when it constitutes a positive electrode from a lithium content 
compound, and a lithium content compound with large particle diameter is used. 
[0027] However, although a large lithium content compound can do electrode 
restoration nature highly, since the specific surface area is smaU, the effective reaction 
area which contributes to electrode reaction is simply [ particle diameter ] small [ a 
compound ]. Therefore, with the positive electrode using such a - lithium content 
compound with only large particle diameter, in a part far from a negative electrode and 
the field which counters, it will be easy to be in an overvoltage condition, and 
degradation of an active material will advance. 

[0028] On the other hand, the composite particle of the lithium content compound which 
covered the heart particle front face with the particle has a large specific surfetce area 
compared with the usual lithium content compound of the same particle size. For this 
reason, the reaction area which contributes restoration nature effective in electrode 
reaction with slight height by enlarging particle size is also fiilly secured. Therefore, if 
this end of composite powder is used for a positive electrode, the cell excellent in the 
heavy-loading property and the cycle property will be realized at the same, time high 
energy is obtained. 

[0029] In addition, in order to acquire such an operation effectively, it isimportant for a 
heart particle that the mean particle diameter rS of the particle which covers the 
surroundings of the mean particle diameter rl and the mean particle diameter r2 of a 
heart particle as the condition which the particle covered, i.e., a composite particle, and 
a heart particle is proper. 

[0030] That is, as for the ratios rl/r2 of the mean particle diameter rl of a composite 
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particle, and the mean particle diameter r2 of a heart particle, it is desirable that it is 
1.01 <=rl/r2 <=2. When rl/r2 are smaller than 1.01 G.e., when the rate that the 
enveloping layer formed of a particle occupies is too small), a heavy-loading cycle 
property cannot fully be improved. Conversely, when rl/r2 are larger than 2 G.e., when 
the rate that the enveloping layer formed of a particle occupies is too large), a 
heavy-loading cycle property gets rather bad. 

[0031] Moreover, as for the ratios r3/r2 of the mean particle diameter r3 of a particle, 
and the mean particle diameter r2 of a heart particle, it is desirable that it is 1/5 or less. 
Possibility that a clearance will be greatly vacant between a heart particle and a 
particle, and composite particle structure wiU break when r3/r2 are larger than one fifth, 
namely, when the particle size of a particle is too large to the particle size of a heart 
particle is high. 

[0032] Among these, that it is 2<=30 micrometers of 3 micrometer<=r deal with the 
mean particle diameter r2 of a heart particle, and it is specifically desirable a top. 
[0033] In addition, it may be made to heat-treat at still more moderate temperature in 
the end of the composite powder of the lithium multiple oxide which covered the heart 
particle front £ace with the particle. Thereby, properties in the end of composite powder, 
such as conductivity, are improved, and it becomes what was further excellent as 
positive active material. 

[0034] The lithium content compound produced as mentioned above is used for the 
nonaqueous electrolyte rechargeable battery of this invention as positive active 
material. Therefore, while high electrode restoration nature is obtained, electrode 
reaction area is fully secured, and while high energy density is obtained, a good 
heavy loading cycle property is acquired. 

[0035] On the other hand, as a negative-electrode active material of a cell, a dope and 
the carbon material which can be dedoped are used in a lithium, or a lithium alloy and a 
lithium. High crystallinity carbon materials obtained by heat-treating the low 
crystallinity carbon material calcinated and obtained at the comparatively low 
temperature of 2000 degrees C or less as this carbon material or the raw material which 
is easy to crystallize at an about 3000-degree C elevated temperature, such as an 
artificial graphite and a natural graphite, are used. Specifically, pyrolytic carbon, corks, 
graphites (pitch coke, needle coke, petroleum coke, etc.), glassy carbon, an organic 
high-molecularcompound baking object (what calcinated and carbonized furan resin etc. 
at suitable temperature), a carbon fiber, activated carbon, etc. are mentioned. The 
carbon material which the spacing of a field (002) is 0.370nm or more, and true specific 
gravity is less than 1.70g/cc, and has especially the property of not having an 
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exothermic peak at 700 degrees C or more, by the differential thermal analysis in an air 
air current is suitable. 

[0036] Moreover, as the electrolytic solution, lithium salt is used as a supporting 
electrolyte and the electrolytic solution made to dissolve this in an organic solvent is 
used. 

[0037] As an organic solvent, propylene carbonate, ethylene carbonate, I, 
2-dimethoxyethane, 1, 2-diethoxy ethane, gamma*butyrolactone, a tetrahydrofiiran, 
2-methyl tetrahydrofiiran, 1, 3-dioxolane, the 4-methyI -1, 3*dioxolane, a sulfolane, a 
methyl sulfolane, dimethyl carbonate, diethyl carbonate, methyletbyl carbonate, 
methylpropyl carbonate, etc. are usable. 

[0038] As a supporting electrolyte, LiC104, LiAsF6, LiPF6, LiBF4, liB (C6H5)4, 
CH3S03Li, CF3S03U, LiN (CF3S02)2 and LiC (CF3S02)3, LiCl, LiBr, etc. are 
mentioned. 
[0039J 

[Example] The example of this invention is explained based on an experimental result. 
[0040] The structure of the cell produced in each example of an experiment of the 
configuration after-mentioned of the produced cell is shown in drawing 4 . 
[0041] This nonaqueous electrolyte rechargeable battery comes to contain the negative 
electrode 1 which applies a negative-electrode active material to the negative -electrode 
charge collector 10, and becomes it, and the positive electrode 2 which comes to apply 
positive active material to the positive-electrode chargie collector 11 with the cell can 5, 
where an insulator 4 is laid for winding and this winding object up and down through a 
separator 3, as shown in drawing 4 . 

[0042] said cell can 5 - the cell lid 7 - the obturation gasket 6 - minding - by closing, it 
is attached and connects with a negative electrode 1 or a positive electrode 2 electrically 
through the negative-electrode lead 12 and the positive -electrode lead 13, respectively, 
and it is constituted so that it may function as the negative electrode or positive 
electrode of a cell. 

[0043] And by the cell of this example, said positive-electrode lead 13 is welded to the 
relief valve equipment 8 which has a current cutoff device, and is attached, and 
electrical installation with the cell lid 7 is planned through this relief valve equipment 8. 
[0044] In the cell which has such a configuration, if the pressure inside a cell rises, said 
relief valve equipment 8 will be pushed up, and will deform. Then, the positive-electrode 
lead 13 leaves relief valve equipment 8 and the welded part, and is cut, and a current is 
intercepted. 

[0045] an example 1 positive active material was generated as foUows first. 
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[0046] cobalt carbonate and a lithium carbonate - a Li/Co ratio - it mixed so that it 
might be set to =1, and it calcinated at the temperature of 900 degrees C among air for 5 
hours. As a result of performing X dif&action measurement about this baking object, it 
was well in agreement with the difi&action pattern of LiCo02 in a JCPDS card. By 
grinding this LiCo02, the heart particle with a mean particle diameter of 3.0 
micrometers and the particle with a mean particle diameter of 0.1 micrometers were 
obtained. And LiCo02 particle was covered with the impact method in a high*speed flow 
on the front face of this LiCo02 heart particle, and the composite particle of LiCo02 was 
produced on it. The mean particle diameter of the produced composite particle was 5.9 
micrometers. In addition, this mean diameter is a median size of volume criteria, and 
was measured with the laser diffraction grain-size plan (trade name LA[ by Horiba, 
Ltd. ]• 50). 

[0047] And the positive electrode was produced as it was the following considering the 
composite particle of this LiCo02 as positive active material. 

[0048] as 91 % of the weight of composite particles of LiCo02, and an electric conduction 
agent - 6 % of the weight of graphite, and 3 % of the weight of polyvinylidene fluorides 
■■ mixing " a positive electrode ** preparing a mixture and distributing a 
N-methyl-2-pyrrolidone - a positive electrode a mixture - the slurry was prepared. 
[0049] this positive electrode - a mixture - after applying and drying a slurry to both 
sides of the aluminium foil used as the positive-electrode charge collector 11, the 
band-like positive electrode 2 was produced by carrying out compression molding with a 
roller press machine. 

[0050] Next, the negative*electrode active material was generated. 
[0051] The petroleum pitch was used for the start raw material, and after carrying out 
installation (oxygen bridge formation) of the functional group which contains oxygen for 
this 10 to 20%, it calcinated at the temperature of 1000 degrees C among inert gas. 
Consequently, the nongraphitizing carbon ingredient of the property near a vitrified 
carbon material was obtained. 

[0052] As it was the following considering this nongraphitizing carbon ingredient as a 
negative-electrode active material, the negative electrode 1 was produced. 
[0053] as 90 % of the weight of carbon materials, and a binder - 10 % of the weight of 
polyvinylidene fluorides " mixing " a negative electrode " a mixture is prepared and it 
distributes to a N-methyl*2-pyrrolidone " making " a negative electrode " a mixture - 
it considered as the slurry. 

[0054] and this negative electrode ** a mixture " the band-like negative electrode 1 was 
produced by carrying out compression molding of the slurry with a roller press machine, 
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after applying and drying to both sides of the copper foil used as the negative-electrode 
charge collector 10. 

[0055] The swirl type electrode object was produced by carrying out the laminating of 
the band'like negative electrode 1 produced as mentioned above and the positive 
electrode 2 through a fine porosity polypropylene film with a thickness of 25 
micrometers it is thin to a separator, and winding them many times. 
[0056] Next, this swirl type electrode object was contained with the iron cell can 5 which 
gave nickel plating, and the electric insulating plate 4 has been arranged to vertical 
both sides of this swirl type electrode object. And in order to perform current collection 
of a positive electrode 2 and a negative electrode 1, it welded to the relief valve 
equipment 8 which draws the positive:electrode lead 13 made firom aluminum firom the 
positive-electrode charge collector 11, and has a current interrupting device, and the 
negative-electrode lead 12 made firom nickel was drawn firom the negative-electrode 
charge collector 10, and it welded to the cell can 5. 

[0057] Then, the electrolytic solution made to dissolve LiPF6 in the mixed solvent of 
propylene carbonate 50 capacity % and methylethyl carbonate 50 capacity % by the 
concentration which becomes one mol was poured in into the cell can 5. And it fixed by 
closing the cell lid 7 and the cell can 5 through the gasket 6 which applied asphalt, and 
the cylindrical cell with a diameter [ of 18mm ] and a height of 65mm was produced. 
[0058] It faced generating example 2 positive active material, and the cylindrical cell 
was produced like the example 1 using LiCo02 whose mean particle diameter is 0.7 
micrometers considering LiCo02 whose mean particle diameter is 15.1 micrometers as 
a heart particle as a particle except having generated the composite particle whose 
mean particle diameter is 18.4 micrometers. 

[0059] It faced generating example 3 positive active material, and the cylindrical cell 
was produced like the example 1 using LiCo02 whose mean particle diameter is 3.0 
micrometers considering LiCo02 whose mean particle diameter is 30.3 micrometers as 
a heart particle as a particle except having generated the composite particle whose 
mean particle diameter is 34.0 micrometers. 

[0060] It faced generating example 4 positive active material, and the cylindrical cell 
was produced like the example 1 using LiCo02 whose mean particle diameter is 0.7 
micrometers considering LiCo02 whose mean particle diameter is 30.3 micrometers as 
a heart particle as a particle except having generated the composite particle whose 
mean particle diameter is 33.4 micrometers. 

[0061] The cyUndrical cell was produced like the example 1 except having used LiCo02 
whose example of comparison 1 mean particle diameter is 3.0 micrometers as positive 
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[0062] The cylindrical cell was produced like the example 1 except having used LiCo02 
whose example of comparison 2 mean particle diameter is 15.1 micrometers as positive 
active material. 

[0063] The cylindrical cell was produced like the example 1 except having used LiCo02 
whose example of comparison 3 mean particle diameter is 30.3 micrometers as positive 
active material. 

[0064] Thus, about the produced cell, it charged on the conditions which become for 
charging'time 2.5 hours charge electrical'potential-difiGerence 4.20V and 1000mA of 
charging currents, and 1200mA of discharge currents, it carried out by having repeated 
the charge*and*discharge cycle in the heavy*loading discharge conditions of discharging 
on the conditions which become termination electrical-potential-difference 2.75V, and 
asked for the ratio (capacity maintenance factor) of a first-time discharge capacity 
(initial discharge capacity) and the discharge capacity of a 200 cycle eye. The 
measurement result of initial discharge capacity and a capacity maintenance factor is 
shown in Table 1. 
[0065] 
[T^ble 1] 
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[0066] In Table 1, it turns out that the capacity maintenance factor under heavy-loading 
discharge conditions deteriorates, so that the mean particle diameter of positive active 
material will become large in this case, if the cell of the example 1 of a comparison * the 
example 3 of a comparison using LiCo02 which has not been probably covered with a 
particle as positive active material is compared as it is. 

[0067] On the other hand, if the example 1 using LiCo02 covered with the particle as 
positive active material - an example 4 are compared, sufiBcient capacity maintenance 
factor is obtained under the heavy-loading discharge condition also by the cell of the 
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example 4 whose cell of an example 3 and mean particle diameter of positive active 
material whose mean particle diameter of positive active material is 34.0 micrometers 
are 33.4 micrometers. 

[0068] It turned out that it is what can give a good heavy-loading cycle property to a cell 
even if LiCo02 covered with the particle has large mean particle diameter, and enables 
coexistence of electrode restoration nature and a heavy-loading discharge property from 
this. 

[0069] As it was the 5th example, positive active material was generated. 
[0070] cobalt oxide, nickel oxide, and a lithium hydroxide - a Li/nickel/Co ratio - it 
mixed so that it might be set to =1/0.8/0.2, and LiNiO.SCo 0.202 was generated by 
calcinating at the temperature of 750 degrees C for 5 hours under the oxygen existence 
ambient atmosphere. 

[0071] By grinding this LiNiO.SCo 0.2O2, the heart particle with a mean particle 
diameter of 15.1 micrometers was obtained. And mean particle diameter covered with 
the impact method in a high-speed flow the particle of LiCo02 which is 0.7 micrometers 
on the front face of this heart particle of LiNiO.SCo 0.202, and produced the composite 
particle of LiNi0.8Co0.2O2 and LiCo02 on it. In addition, the mean particle diameter of 
this composite particle was 18.6 micrometers. 

[0072] Thus, the cylindrical cell was produced like the example 1 except using the 

generated composite particle as positive active material. 

[0073] As it was the 6th example, positive active material was generated. 

[0074] One mol of manganese dioxides and 0.25 mols of lithium carbonates were mixed, 

and LiMn 204 was generated by calcinating at the temperature of 850 degrees C for 5 

hours among air. 

[0075] By grinding this LiMn 204, the heart particle with a mean particle diameter of 
15.1 micrometers was obtained. And mean particle diameter covered with the impact 
method in a high-speed flow the particle of LiCo02 which is 0.7 micrometers on the 
front face of the heart particle of this LiMn 204, and produced the composite particle of 
LiMn204 and LiCo02 on it. In addition, the mean particle diameter of a composite 
particle was 18.5 micrometers. 

[0076] Thus, the cylindrical cell was produced like the example 1 except using the 
generated composite particle as positive active material. 

[0077] The cylindrical cell was produced like the example 1 except having used 
LiNiO.SCo 0.2O2 whose example of comparison 4 mean particle diameter is 15.1 
micrometers as positive active material. 

[0078] The cylindrical cell was produced like the example 1 except having used LiMn 



h 09-35715 



204 whose example of comparison 5 mean particle diameter is 15.1 micrometers as 
positive active material. 

[0079] About the cell produced as mentioned above, like the initial discharge 

capacity in heavy-loading discharge conditions and 200 cycle eye discharge capacity 

were measured, and it asked for the capacity maintenance factor. The result is shown in 

'nible2. 

[0080] 

[Table 2] 



1 




r2t*tinl 


r3[»m] 


r\/rZ 


t3/rZ 


[mAh] 






18.6 


15.1 


0.7 


1.232 


0.04S 


1175 


90 


\itms 


18.5 


1S.1 


0.7 


1.225 


0.046 


S30 


88 






1S.1 








1100 


82 






15,1 


tm 






870 


80 



[0081] As shown in Table 2, as it is, [ the example 4 of a comparison and the example 5 
of a comparison using LiNiO.SCo 0.2O2 or LiMn 204 which is not making the particle 
cover as positive active material / respectively ], initial capacity with big all is obtained 
and the cell of an example 5 and an example 6 using LiNiO.SCo 0.2O2 or LiMn 204 
covered with the particle as positive active material has become a value with a high 
capacity maintenance factor. 

[0082] This showed that it was effective to cover with a particle not only about LiCo02 
but about LiNiO.SCo 0.2O2 and LiMn 204, when raising the engine performance as a 

positive electrode. 

[0083] It faced generating the examination positive active material of the mean particle 
diameter rl of a composite particle, the mean particle diameter r2 of a heart particle, 
and the mean particle diameter r3 of a particle, and the cylindrical cell was produced 
like the example 1 except having generated the composite particle of the mean particle 
diameter shown in this table using LiCo02 of the mean particle diameter shown in 
Table 3 as a heart particle and a particle. 

[0084] And about the produced cell, the initial discharge capacity in heavy*loading 
discharge conditions and 200 cycle eye discharge capacity were measured like ****^ and 
it asked for the capacity maintenance factor. The result is shown in Table 3. 

[0085] 
[Table 31 
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[0086] As shown in Table 3, the cell of the example 7 of an experiment by which the cell 
and this value of the example 6 of an experiment whose ratios rl/r2 of the mean particle 
diameter rl of a composite particle and the mean particle diameter r2 of a heart particle 
are less than 1.01 exceed 2 is a value with a low capacity maintenance factor [ else ]. 
From this, rl/r2 are understood that it is desirable that it is within the limits of 1.01 
<=rl/r2<=2. 

[0087] Moreover, even if rl/r2 are this within the limits, the ratios r3/r2 of the mean 
particle diameter rS of a particle and the mean particle diameter r2 of a heart particle 
cannot say that the cell of the example 5 of an experiment exceeding one fifth is also 
sufiBdent capacity maintenance factor. 

[0088] Therefore, it turns out that it is desirable to set up the mean particle diameter of 
a heart particle and a particle and the conditions of the impact method in a high-speed 
flow so that it may fece generating a composite particle, and rl/r2 may become within 
the limits of 1.01 <=rl/r2 <=2 and r3/r2 may become 1/5 or less. 

[0089] In addition, in this example, although LiCo02, LiNiO.SCO 0.202, and LiMn 204 
were used as a lithium content compound In addition, LixCo02, LixNi02, LixMn 204, 
LixCol-yMy02, LixNil-yMy02, LixMnl-yMy02 A kind is expressed at least, however, 
M was chosen from Ti, V, Cr, Mn, Fe, aluminum, Co, nickel, Cu, Zn, Mo, Bi, and B - x 
0< x<=L2 andy - 0< y<l - it is even when the lithium content compound expressed is 
used, it is checked by experiment that the same effectiveness is acquired. 
[0090] Moreover, although positive active material was apphed to the cylindrical cell, 
even when it applies to the cell of a square shape, flat mold, and coin mold and a carbon 
button mold, of course [ in this example ], the same effectiveness is demonstrated. 
[0091] 

[Effect of the Invention] The particle which becomes the front fiace of the heart particle 
which consists of a predetermined lithium content compound from a lithium content 
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compound is covered with the manufacture approach of the positive active material of 
this invention so that clearly also from the above explanation. Thus, if the 
manufactured positive active material is applied to a nonaqueous electrolyte 
rechargeable battery, the rechargeable battery which a big reaction area with slight 
height could be secured, and whose energy was high, and was excellent in the 
heavy-loading cycle property in the electrode restoration nature in a positive electrode 
can be gained. 

[Brief Description of the Drawings] 

[Drawing ll It is the mimetic diagram showing the condition that the end of composite 
powder covered on the heart particle front face. 

[Drawing 2] It is the scan microphotography in which the particulate structure of a 
LiCo02 heart particle is shown. 

[Drawing 3l It is the scan microphotography in which the particulate structure in the 
end of LiCo02 composite powder is shown. 

[Drawing 4l It is drawing of longitudinal section showing the example of 1 configuration 
of the nonaqueous electrolyte rechargeable battery which applied this invention. 
[Description of Notations] 

34 Heart Particle 

35 Particle 

36 The End of Composite Powder 
[Drawing ll 
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[Drawing 4) 
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PROBLEM TO BE SOLVED: To provide a nonaqueous 
electrolyte secondary battery in which an electrode 
filling property is high and a high energy density is 

obtained and which excels in a heavy load cycle ^J^^^^'^S^'^V^ 

characteristic by manufacturing a positive electrode ;.^^!^^^^^ 

active material in which a high electrode filling property ' 3^^^ 

is obtained and at the sane time a wide reaction area is jTj^ 

ensured and using the obtained positive electrode active V^^T v ' 

material. I^Nt^ r'x^^D'' 

SOLUTION: A surface of a core particle 34 comprising r^^^ J^r'v^ 

either one of predetermined lithium-containing k-y^fe*?^ j/ ^rO' 

compounds is covered with very fine particles 35 of a 
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